ABSTRACT
and the accountants, simulationists must convert simulation data into financial terms such as comparative income statements. Simulation data can be used to predict the cost of goods sold and to assess the feasibility of revenue goals based on manufacturing system constraints. Cost drivers for an activity-based costing analysis can be modeled, measured in a simulation run, and the simulation data used to drive the analysis. This paper presents an example of the conversion of basic simulation data from a relatively simple model into comparative income statements. It discusses how simulation models fit into an activitybased costing analysis and examines the limitations of simulation-based information in financial analysis.
INTRODUCTION
Computer (discrete-event) simulation is widely used by engineers in the design and analysis of manufacturing systems but is rarely used or understood by accountants and business analysts. Accountants and business
analysts perceive simulation models as data in a spreadsheet or database that is related by algebraic relationships.
Prediction is based on statistical inferences drawn from the data. Simulation is performed by changing some of the data and observing the changes in the related data. Time is advanced by fiscal periods, not by state changes on the shop floor. These issues arise in many other contexts, such as capacity planning, production planning, outsourcing decisions, and product mix decisions. In any context, accurate information on which to base the decision is needed. The decision maker has a variety of support tools available. Simulation is a potentially powerfhl tool in financial analysis when used properly and in concert with other analysis tools.
JUSTIFYING A CAPITAL INVESTMENT
A manufacturing concern's goal is to make money. A manufacturing system can be thought of as a money amplifier, where costs go in, revenues come out, and the difference is profit. If a manufacturer is not profitable for a period of time, it goes out of business. If its competitors can deliver products of higher quality or deliver them sooner or at lower cost to the customer, a manufacturer risks losing market share and, with it, potential profitability.
Investments in capital assets should improve the money amplification properties of the manufacturing system by reducing the input of costs or increasing the output of revenue. Equipment is purchased because it will reduce cost by improving efilciency or will increase revenues by improving throughput.
Reducing cost may allow selling price reductions which increase revenues if demand is elastic. Improving flexibility can reduce work in process, increase the inventory turnover, reduce carrying cost, and improve cash flow.
Cash flow associated with a capital investment is calculated using a comparative income statement (Humbarger, 1987) . The example in Table 1 compares the alternative of adding a new machine with the cash flow in the system before the machine was added. Table 2 lists some of these costs and related system attributes that can be measured in a simulation (Garrison, 1982) . statistics on the number of late orders. These statistics can then be translated into premium shipping costs or used as part of an analysis to predict loss of market share.
Limitations of Simulation-Based Information
The main limitations of the information generated by a simulation are that:
(1) the costs generated are relative costs, and (2) the information itself is limited by the detail level and the scope of the model.
The costs generated by a simulation are relative costs because the simulation generates data in terms of volume of product, number of setups, and time spent in activities such as processing, queueing, and setup at various stages of production. This data is translated, postprocess, into cost by applying unit costs inferred from historical data when it exists and from specifications of new equipment. Thus, costs generated by a simulation are relative in nature and should be compared with a baseline alternative when possible.
The information generated by a simulation is limited by the detail level and scope of the model. An example of detail is the following.
If setup teams are a constraining resource, they must be modeled. Time in setup is not enough, because it is possible for two machines to be in setup at the same time. To remedy this, a setup team is modeled in such a way that a setup cannot be performed unless the setup team is available.
An example of scope is the practice of modeling only part of a plant or a line. Alleviating a bottleneck in the modeled portion of the plant may shifl the bottleneck to a portion of the plant not modeled. A simulation cannot provide information on interactions with parts of a plant outside the scope of the study. Discrete event simulations model state changes over time for entities that flow through a system. Many aspects of financial analysis do not lend themselves to this type of modeling.
However, if the limitations of simulation data are kept in perspective, it can be used to greatly improve the accuracy of financial analysis.
Activity-Based Costing and Simulation-Based Information
Activity-based costing uses a simple concept:
(1) activities consume resources, and (2) products consume specific activities. Activity-based costing expands the notion of cost driver to include such things as size, type, finish, lead time, processing time, queue time, surface area, weight, routing, complexity, and many more (Gilligan, 1990) . The measured attributes listed in Table 2 The manufacturing system of this example operates under these assumptions:
(1)
(5) (6)
one operator per machine, same operator does both setup and processing, operator is available whenever machine is available, all machines in a machine class have the same setup characteristics, sequencing is FIFO, lot for lot bill of material explosion, make to order, capacity adjusted by overtime and hiring so large backlogs do not develop, and raw material is always available.
The first step in the modeling process is to define the problem. In this case, the problem was to determine the impact on the income statement of adding a machine at the bottleneck which occurred at the finishing cell. alternative models were constructed, the baseline ("as is") alternative having four finishing machines and the alternative having five finishing machines. Product volume would be held constant for the two alternatives.
Capacity differences would be adjusted by the addition of overtime. The second step is to identify the performance measures that will provide stilcient information to solve the problem, In the case of this example, the performance measures were the variable costs and revenue generated. For purposes of simplicity, the variable costs were assumed to be the costs given in Table 2 . Variable costs were assumed to be directly proportional to one of the following measurable attributes which are cost drivers:
(1) processing time for each machine, (2) number of setups for each machine, (3) product volume. Raw material prices, labor rates, utility rates, and cost of capital were assumed to be constant over the simulation window.
In an actual application, the costs in Table 2 might not adequately capture the impact on the income statement of the investment in an additional machine.
Other costs that could have considerable impact on the income statement might include rework, scrap, obsolescence due to engineering change orders, and interest expense on inventory and work in process.
Moreover, the assumptions for variable costs listed above are not valid in every situation. For example, setup costs may include scrap. The key to a successfid simulation study is to identifj significant costs for the defined problem and to accurately model and measure their corresponding cost drivers. The simulation window must be long enough to show a significant financial impact of an alternative. Unless the assumption that the system is empty and idle at the beginning and end of the simulation window is valid, inaccuracies due to timing of costs may be introduced.
The simulation window for the example model was a full year to reduce the significance of the inaccuracies. Converting simulation data in Tables 3 and 4 to comparative income statements has three stages:
(1) A unit variable cost for a given time period is the total cost divided by the quantity of measured attribute as listed in Table 2 . For example, unit lubricant cost over the last year would be the value of lubricant consumed in the last year divided by the amount of time the machines using the lubricant spent processing, In the example model, direct (raw) and indirect material costs were broken down by part. Lubricant, tooling, utility, and setup cost were broken down by machine.
Ideally, unit variable costs should be computed from actual financial data and actual performance data from the manufacturing system. Baseline model data should be used for validation and verification purposes only.
Unfortunately, real world data is not always available in the form needed for generating unit costs. If data is not available from the real world system, unit cost may have to be estimated. Data from a properly verified baseline model may be helpful for estimating unit costs. For example, quantity and cost of lubricant consumed by a machine may be known, but the actual processing time for the machine may not be known. Actual processing time may be difficult to estimate if different routings exist and routing logic depends on the state of the system. In this case, the best estimate of processing time may come from a verified simulation model, using the same conditions and product mix that occurred during the time period for which lubricant cost is known. The manufacturing system described in this section is a teaching example, which is a simplification of a real world system. Therefore, baseline simulation data was used to construct unit costs as described above. Costs for alternatives other than the baseline are computed as summarized in Tables 5 and 6 . Most of these costs are computed by summing a unit cost multiplied by a measured attribute (processing time, volume, or number of setups) over the set of machines (M) or the set of parts (P). Supplies and indirect labor are based on total volume. Direct labor is based on a sum of regular and overtime hours where overtime is valued at 1.5 times regular time. Costs for the example model are summarized in Table 7 . Finally, the comparative income statements may be constructed, Revenue is computed as the product of volume and selling price. For this example, the selling price is $39 and it is assumed that all items produced are sold. Cost of goods sold is the total obtained in Table 7 . An extra $10,000 of depreciation is added to the ffih finishing machine alternative. Other costs must be obtained from current financial data. Comparative income statements for the baseline model and the fifth finishing machine alternative are given in Table 8 . The model presented in this paper is the first step toward building such a common model. The authors intend to refine the model to provide laboratory experiences for business students at the University of Indianapolis.
Planned refinements include the explicit modeling of shifts, laborers, setup teams, paper flow, constraining raw material, constraining work in process space, engineering change orders, scrap, and rework. Improvements will be made to batching and sequencing logic. Setup and processing characteristics may vary within a machine group. Drivers for lateness costs and carrying costs will be modeled and measured. Orders for products will be generated based on performance with respect to due dates. Students will be able to experiment with potential capital investments, capacity management strategies, and operating philosophies such as JIT and synchronous manufacturing.
Integration of the engineering technique of simulation with business education will ultimately produce cost accountants and managers with a complete view of a manufacturing system. Students will understand both the operational and the financial aspects of the manufacturing concern. They will be able to communicate with engineers because they will share a common model. 
